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Abstract 

Background: Recent studies have demonstrated that low and high birth-weight at birth are risk factors of 
developing diabetes. The aim of this study was to determine if the abnormal birth-weight is related with 
hyperinsulinemia and elevated index of the Homeostasis Model assessment for Insulin Resistance (HOMA-IR) at 
birth, in at term newborns. 

Methods: Newborns with gestational age between 38 and 41 weeks, products of normal pregnancies of healthy 
mothers aged 18 to 39 years, were eligible to participate. Small-for-gestational age (SGA) and large-for-gestational 
age (LGA) newborns were compared with appropriate-for-gestational (AGA) age newborns. Incomplete or unclear 
data about mother's health status, diabetes, gestational diabetes, history of gestational diabetes, hypertension, 
pre-eclampsia, eclampsia, and other conditions that affect glucose metabolism were exclusion criteria. 
Hyperinsulinemia was defined by serum insulin levels > 1 3.0 uU/mL and IR by HOMA-IR >2.60. Multiple logistic 
regression analysis was used to determine the odds ratio (OR) that computes the association between birth-weight 
(independent variable) with hyperinsulinemia and HOMA-IR index (dependent variables). 

Results: A total of 107 newborns were enrolled; 13, 22, and 72 with SGA, LGA, and AGA, respectively. 
Hyperinsulinemia was identified in 2 (15.4%), 6 (27.3%), and 5 (6.9%) with SGA, LGA, and AGA (p=0.03), whereas IR in 
3 (23.1%), 8 (36.4%), and 10 (13.9%) newborns with SGA, LGA and AGA (p=0.06). The LGA showed a strong 
association with hyperinsulinemia (OR 5.02; CI 95%, 1.15-22.3; p=0.01) and HOMA-IR (OR 3.54; CI 95%, 1.03-12.16; 
p=0.02); although without statistical significance, the SGA showed a tendency of association with hyperinsulinemia 
(OR 2.43; CI 95%, 0.43-17.3 p=0.29) and HOMA-IR (OR 1.86; CI 95%, 0.33-9.37; p=0.41). 

Conclusions: Our results suggest that LGA is associated with hyperinsulinemia and elevated HOMA-IR at birth 
whereas the SGA show a tendency of association. 



Background 

The type 2 diabetes is a complex disease characterized by 
decrease of insulin sensitivity and impaired insulin secre- 
tion [1]. Recent studies have demonstrated that low birth- 
weight is a risk factor for development of obesity and type 
2 diabetes in adulthood [2], association that could be 
explained because during intrauterine growth the fetus 
does not promote the appropriate growth of beta cells 
[3,4]. Furthermore, children with history of high birth- 
weight also have an elevated risk of developing obesity 
and type 2 diabetes later in life [5-7]. The causal relation- 
ship between birth-weight and the presence of glucose 
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metabolic disorders in the adulthood describe a U curve 
with the low and high birth-weight showing increased 
risk. 

In addition to genetic predisposition, nutritional, and 
environmental factors, it has been reported that the ele- 
vated levels of cytokines increase glucocorticoid activity 
and decrease serum adiponectin during pregnancy, which 
affects birth-weight [8-11]. Furthermore, insulin, which 
is regulated by fetal tissue, is an essential endocrine 
regulator of intrauterine growth [12-14]. 

It has been described that in large-for-gestational age 
(LGA) infants, cord serum levels of leptin are strongly 
related with birth-weight and insulin levels, suggesting 
that part of insulin's effect on birth-weight is mediated by 
leptin [15]. Furthermore, also it has been reported that 
conditions that modify insulin concentration during fetal 
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life could alter the normal development of endocrine sys- 
tem, predisposing to insulin resistance in adult life [16,17]. 

Given that studies about association between birth- 
weight and insulin resistance has been developed 
measuring insulin and glucose levels in adolescence or 
adulthood and collecting information of birth-weight in 
a retrospective way, the aim of this study was to deter- 
mine if the abnormal birth-weight is related with ele- 
vated insulin levels and increase of the Homeostasis 
Model assessment for Insulin Resistance (HOMA-IR) 
index at birth, in at term newborns. 

Methods 

With protocol approval by the Mexican Social Security 
Institute Research Committee and after obtain the 
mother's informed consent, a cross-sectional study of 
two phases was carried out. 

In the first phase, with the purpose of establish the 
cutoff point of HOMA-IR at birth in appropriate-for- 
gestational age (AGA) newborns delivered at term, a 
total of 150 newborns with birth-weight greater than 
2500 g and lower that 4000 g, were enrolled in a cross- 
sectional non-comparative study. 

In the second phase, an independent sample of 107 
newborns were enrolled in a cross-sectional comparative 
study to determine if LGA or small-for-gestational age 
(SGA) is related with hyperinsulinemia and elevated 
HOMA-IR in newborns delivered at term. 

In both phases, eligible participants were newborns of 
mother's aged 18 to 39 years and gestational age (deter- 
mined by ultrasound) between 38 and 41 weeks. All 
newborns were of pregnant women without diagnosis of 
diabetes or gestational diabetes (confirmed by oral glu- 
cose tolerance test), history of gestational diabetes, high 
blood pressure, pre-eclampsia, eclampsia, asthma, epi- 
lepsy, or malnutrition. 

In addition, in both phases the presence of conge- 
nital malformations, incomplete or unclear data about 
mother's health status as well as preterm delivery, intra- 
uterine infection, smoking or alcohol consumption dur- 
ing pregnancy, and the use of dextrose solutions during 
labor, or drugs that affect the glucose metabolism, were 
exclusion criteria. 

In the second phase of the study, in order to control 
potential confounders related with maternal characteris- 
tics, the groups were matched by mother's age, parity, 
and gestational age. 

Anthropometric characteristics and blood samples 
were obtained by pediatricians at delivery room, imme- 
diately after delivery. Blood samples were collected from 
the umbilical cord vein. 

Newborns were distributed in the groups in study 
according the presence of SGA, AGA, or LGA. 



Detailed information regards mother's health was col- 
lected by direct medical history, physical examination, and 
by reviewing their medical records of prenatal control. 

The body mass index (BMI) of mothers before preg- 
nancy was calculated as the weight (kilograms) divided 
by the height (meters) squared. The height and weight 
were assessed with a stadiometer using a fixed scale. The 
increments of the weight and height measurements were 
0.1 kg and 0.01 m, respectively. 

Definitions 

SGA, AGA, and LGA were defined by weight at birth 
<2500g, >2500<4000g, and >4,000g, respectively [18,19]. 

The HOMA-IR index was calculated using the for- 
mula: fasting insulin (uU/mL) x fasting glucose (mmol/ 
L)/22.5 [20]. 

Assays 

Serum glucose was measured using the glucose-oxidase 
method (Sigma Diagnostics, St Louis, Mo, USA). The 
intra- and inter-assay coefficients of variation for glucose 
measurements were 2.1 and 2.8%. Insulin levels were 
measured by microparticle enzyme immunoassay (Abbott 
Axsym System, Alameda, CA, USA), with intra- and 
inter-assay variation coefficients of 4.1% and 6.2%. 

Statistical analysis 

Differences between the groups were estimated using 
one-way ANOVA with post hoc Bonferroni test. The 
Logw was calculated to normalize skewed data. 

Multiple regression logistic analysis adjusted by mater- 
nal weight before pregnancy and sex of newborn was 
used to determine the odds ratio (OR) that computes 
the association between birth-weight (independent vari- 
able) with hyperinsulinemia and HOMA-IR index (de- 
pendent variables). 

The 95% confidence intervals (CI 95%) were deter- 
mined, and a P value <0.05 defined statistical signifi- 
cance. Data were analyzed using the statistical package 
SPSS 15.0 (SPSS Inc., Chicago IL, USA). 

Results 

The characteristics of the mothers and newborns enrolled 
in the first phase of the study are shown in Table 1. 

Distributions of insulin, glucose, and HOMA-IR at 
birth of AGA newborns are shown in Table 2; the 90 th 
percentile of distribution for insulin levels was 13.0 uU/mL 
and the fourth quartile of HOMA-IR index 2.60. In the 
absence of cutoff points for insulin levels and HOMA-IR 
index in the newborn at term, these values were consid- 
ered as the cutoff points for the second phase of the 
study. 

In the second phase of the study, 13 (12.1%), 22 
(20.6%), and 72 (67.3%) newborns delivered at term 
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Table 1 Characteristics of pregnant women and 
birth-weight of newborns appropriate-for-gestational 
age delivered at term, N = 150 



Family history of diabetes, n (%) 

Parity 


58 (38.6) 

2.4 ±3.2 


Mother's age, years 


25.2 ±5.2 


Weight before pregnancy, kg 


60.2 ±11. 8 


Body mass index before pregnancy, k/m 2 


23.8 ±4.3 


Weight gain through pregnancy, kg 


12.6 ±4.0 


Gestational age, weeks 


39.2 ±1.2 


Newborn's birth weight, g 


3278 ±321 



were enrolled in the SGA, LGA, and AGA groups, 
respectively. 

Clinical and biochemical characteristics of the mothers 
and newborns in the second phase of the study are 
shown in Table 3. 

The mother's weight and BMI before pregnancy was 
significantly lower in the mothers of SGA newborns as 
compared with mother's of LGA and AGA newborns. 
The insulin levels in the newborns were significantly 
higher in the LGA group as compared with the SGA 
and AGA groups. Other variables showed no significant 
differences between the groups in study. 

Hyperinsulinemia was identified in 13 (12.1%) new- 
borns: 2 (15.4%), 5 (6.9%), and 6 (27.3%) in the groups 
with SGA, AGA, and LGA (p=0.03). 

Elevated HOMA-IR was detected in 21 (19.6%) new- 
borns: 3 (23.1%), 10 (13.9%), and 8 (36.4%) in the groups 
SGA, AGA, and LGA (p =0.063). 

The LGA show a strong association with hyperinsuli- 
nemia (OR 5.02; CI 95%, 1.15-22.3; p=0.01) and HOMA- 



IR (OR 3.54; CI 95%, 1.03-12.16; p=0.02); the SGA 
showed a tendency of association with hyperinsulinemia 
(OR 2.43; CI 95%, 0.43-17.3 p=0.29) and HOMA-IR (OR 
1.86; CI 95%, 0.33-9.37; p=0.41). 

Discussion 

Results of this study suggest that at LGA newborns have 
higher insulin levels and HOMA-IR than AGA and SGA 
newborns. 

It has been suggested that the association between 
LGA and insulin resistance may reflect the influence of 
several factors like maternal diabetes and gestational 
age [21-24]; in the second phase of the study, to con- 
trol these potential confounders, the mother's age, par- 
ity, and gestational age of mothers in the groups of 
newborns with SGA, AGA, and LGA, were matching 
criteria. 

Our results agree with the report by Wolf et al. [15] 
who found in the cord blood of 175 neonates with a 
birth-weight of 3376±588g, insulin levels of 7.4±4.3 uU/mL 
as compared with our results in 107 at term newborns 
with birth-weight and insulin levels of 3313±678g and 
7.1±4.3 uU/mL. However, the increase of insulin levels, 
according birth-weight class, in the study by Wolf et al. 
(SGA<AGA<LGA) showed a different sequence as com- 
pared with our results (AGA<SGA<LGA); finding that 
could be related with differences in the birth-weight 
of the LGA newborns, which were heavier (3824±364g ver- 
sus 4175±197g), and/or the birth-weight of SGA new- 
borns (2516±352g versus 2083±356g) that were lighter 
in our study as compared with the report by Wolf et al. 
[15]. Finally, in addition to leptin, also differences in glu- 
cose levels could explain differences in the sequence of 



Table 2 Characteristics of the target population according to birth weight, n = 107 





Overall population 


SGA 


AGA 


LGA 








n = 107 


n = 13 


n = 72 


n = 22 


F 


P 


Family history of diabetes, n (%) 


45 (40.1) 


8 (61.5) 


26 (36.1) 


11 (50.0) 




0.13 


Parity 


2.2 ±1.0 


2.3 ±1.2 


2.0 ± 1 .0 


2.4 ±1.0 


0.94 


0.39 


Mother's age, years 


25.0 ±5.0 


23.0 ±6.1 


24.8 ± 5.2 


26.6 ±3.9 


2.14 


0.12 


Weight before pregnancy, kg 


61.8±11.7 


55.9 ± 1 1 .8 


61.1 ±10.6 


67.5 ±13.2 


4.60 


0.01* **' + 


Weight gain through pregnancy, kg 


13.0 ±5.2 


11.1 ±6.7 


12.8 ±5.3 


14.7 ±3.2 


1.95 


0.14 


Body mass index before pregnancy, k/m 2 


24.1 ±4.6 


22.1 ±5.1 


23.9 ±4.0 


25.8 ±5.5 


2.8 


0.06 


Gestational age, weeks 


39.1 ±1.8 


39.0 ±0.8 


39.3 ±1.2 


39.8 ±0.9 


2.22 


0.11 


Newborn's birth weight, g 


3312 + 678 


2083 ±356 


3270 ±380 


41 75 ±197 


149.3 


<0.001** tt§ 


Newborn's plasma glucose at birth, mmol/L 


5.9 ±2.7 


7.2 ±5.5 


5.8 ±2.0 


5.2 ±2.2 


2.15 


0.15 


Newborn's insulin at birth, uU/mL 


7.1 ±4.3 


6.7 ±4.5 


6.3 ±3.7 


9.6 ±4.9 


5.32 


0.001* 


HOMA-IR index 


1.9 ±1.5 


1 .9 ± 1 .4 


1.7 ±1.3 


2.3 ±1.5 


1.63 


0.04* 



Values are mediant standard deviation. 

SGA, small-gor-gestational age; AGA, appropriate-for-gestational age; LGA, large-for-gestational age. 

*p<0.01 between SGA and LGA. **p< 0.005 between SGA and the overall population. + p< 0.005 between LGA and the overall population. 
*p<0.05 between LGA and AGA. § p = 0.04 between SGA and AGA. 
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Table 3 Distribution of cord serum levels of insulin, glucose and HOMA-IR index in newborns appropriate-for- 
gestational age delivered at term, N = 150 





Mean±SD 


5 


25 


Percentiles 
50 


75 


90 


Newborn's insulin at birth, uU/mL 


8.2 ±8.8 


2.42 


3.90 


5.60 


8.80 


13.0 


Newborn's plasma glucose at birth, mmol/L 


6.1 ±1.9 


3.9 


4.7 


5.6 


6.2 


6.7 


HOMA-IR 


2.2 ±2.5 


0.52 


0.94 


1.51 


2.60 


2.89 



insulin concentration; given that we did not measure 
leptin and Wolf et al. [15] did not report glucose levels, 
the results are not comparable in this issue. However, 
because criteria to define SGA and LGA at birth were 
not the same, the comparison between our results and 
those from Wolf et al. should be taken cautiously. 

Furthermore, in our study the sequence by weight 
class in the newborn at birth, for glucose and HOMA-IR 
was LGA<AGA<SGA and AGA< LG A< SGA, respectively, 
suggesting that LGA newborns at birth exhibited a decrease 
of insulin sensitivity, that requires an elevated compensa- 
tory insulin secretion from fetus to maintain euglycemia. 

Recently, Catalano et al. [25] conducted a comparative 
study that included 53 lean and 68 obese pregnant 
women to verify if fetuses of obese women have in- 
creased insulin resistance. Although we did not analyze 
our data based on the BMI of pregnant women, our 
results agree with the report by Catalano et al. On this 
regard, the birth-weight of newborns of lean and obese 
women (3217±452g and 3320±460g) in the study by 
Catalano et al. [25] is similar to the birth-weight of AGA 
newborns in our study (3270±380g), as was the HOMA- 
IR (1.51±0.86 vs. 1.06±0.70 in the newborns of obese 
and lean mothers, in the study by Catalano) and 1.7±1.3 
in the AGA newborns of our study. Furthermore, Catalano 
et. al. [25] also reported that there was a positive correl- 
ation between fetal insulin resistance and fetal adiposity 
supporting our finding that suggest that elevated body- 
weight at birth might be the main risk factor involved 
in the development of hyperinsulinemia and elevated 
HOMA-IR in the newborns. 

Interestingly, although SGA and AGA newborns 
exhibited similar HOMA-IR, blood cord glucose levels 
were higher in the SGA newborns, suggesting that could 
be an impaired insulin secretion and or insulin action 
related with the low birth-weight at birth. Additional 
factors related with the insulin production by fetus, such 
as elevated leptin and decreased adiponectin levels also 
could explain the findings of our study in regards SGA 
newborns. Further studies with the appropriate bio- 
chemical measurements are needed. 

Recently, in the Hyperglycemia and Adverse Preg- 
nancy Outcome Study, it has been reported that cord 
serum C-peptide levels are strongly related with percent 
body fat of newborns and mothers glycemia [26]; 



although we have not data about mothers glycemia, our 
results based in measurement of cord insulin levels im- 
mediately after delivery, are in agree with these finding 
and support the statement of a strong relationship be- 
tween increase of insulin by fetus and the increase of 
body weight at birth. 

In regards the association between birth-weight and 
insulin resistance later in life, children and young adults 
with history of very low birth-weight and preterm deliv- 
ery exhibit higher indices of HOMA-IR as compared 
with newborns delivered at term [27-29]; given that SGA 
newborns have accelerated weight and fat mass gain dur- 
ing first years of life is expected the development of in- 
sulin resistance later in life in these children [30]. Taking 
into account that SGA newborns in our study exhibited 
low HOMA-IR, is probable that the increase of leptin 
levels related with the increase of fat tissue have an im- 
portant role in the transition from low insulin secretion 
and HOMA-IR at birth to high insulin secretion and 
HOMA-IR at childhood. Further research is needed in 
the field to clarify underwent mechanisms involved in 
the fetal insulin secretion. 

An additional contribution of our study was the refer- 
ence values of cord insulin levels and HOMA-IR in 
AGA newborns. On this regard, because there are not 
reference values of insulin and HOMA-IR at birth, we 
evaluate its distribution in an independent group of 
AGA newborns who had the same inclusion and exclu- 
sion criteria that newborns enrolled in the second phase 
of this study. In this way, we obtained the percentile dis- 
tribution of insulin levels and HOMA-IR as reference 
value of both variables. 

Finally, it is necessary to keep in mind that mechanisms 
involved in the relationship between fetal growth and insu- 
lin resistance have not been established with certainty; 
therefore, further studies in the field are necessaries. 

Several limitations deserve to be mentioned. First, the 
small sample size of LGA or SGA newborns in this study 
could be a source of bias that affects our conclusion. 
However, given the inclusion and exclusion criteria of 
this study, is unlikely to find newborns at term with 
LGA or SGA; further research that includes multiple 
centers is necessary to increase the sample size in order 
to confirm our results. Second, the cause-effect relation- 
ship cannot be established with certainty in the cross- 
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sectional design studies; however, other methodological 
designs could involve ethical issues. 

The homogeneous target population and the strict 
matching criteria for controlling the main confounders 
were the main strengths of this study. In addition, given 
that pregnant women were in prenatal control, we have 
reliable data about maternal characteristics. 

Conclusion 

In conclusion, our results suggest that LGA is associated 
with hyperinsulinemia and elevated HOMA-IR at birth 
whereas SGA show a tendency of association. 

Competing interests 

The authors have not conflict of interest and nothing to disclose. 
Acknowledgements and funding 

We would like to thank the Instituto Mexicano del Seguro Social at Durango, 
Mexico. 

This work was supported by grants from the Mexican Social Security Institute 
Foundation, Civil Association. 

Authors' contributions 

LE. S-M, AC-C, MR-M, and FG-R had full access to all of the data in the study 
and take responsibility for the integrity of the data and the accuracy of the 
data analyses. Study concept and design: LE. S-M, FG-R, MR-M. Acquisition of 
data: AC-C, MR-M. Analysis and interpretation of data: LE S-M and FG-R. 
Drafting of the manuscript: LE. S-M. Critical revision of the manuscript for 
important intellectual content: MR-M, and FG-R. Statistical analysis: LE. S-M. 
Obtained funding: MR-M and FG-R. Administrative, technical, and material 
support: AC-C. Study supervision: MR-M. All authors read and approved the 
final manuscript. 

Received: 14 October 201 1 Accepted: 7 July 2012 
Published: 7 July 2012 

References 

1 . Helmrich SP, Ragland DR, Leung RW, Paffenbarger RS Jr: Physical activity 
and reduced occurrence of non-insulin-dependent diabetes mellitus. N 
Engl J Med 1991, 325:147-152. 

2. Jovanovic L: Type 2 diabetes trends in offspring of type 2 diabetic 
mothers. Diabetes Care 2000, 23:1219-1220. 

3. Leon DA, Koupilova I, Lithell HO, Berglund L, Mohsen R, Vagero D, Lithell 
UB, Mckeigue PM: Failure to realize growth potential in utero and adult 
obesity in relation to blood pressure in 50 year old Swedish men. BMJ 
1996, 312:401-406. 

4. Silverman BL, Metzger BE, Cho NH, Loeb CA: Impaired glucose tolerance in 
adolescent offspring of diabetic mothers: relationship to fetal 
hyperinsulinism. Diabetes Care 1995, 18:611-617. 

5. Petitt DJ, Aleck Ka, Baird HR, Carraher MJ, Bennett PH, Knowler WC: 
Congenital susceptibility to NIDDM: Role or intrauterine environment. 
Diabetes 1988, 37:622-628. 

6. Petitt DJ, Baird HR, Aleck KA, Bennett PH, Knowler WC: Excessive obesity in 
offspring of Pima Indian women with diabetes during pregnancy. N Eng 
J Med 1983, 308:242-245. 

7. McCance DR, Pettitt DJ, Hanson RL, Jacobsson LT, Knowler WC, Bennett 
PH: Birth weight and non-insulin dependent diabetes: thrifty genotype, 
thrifty phenotype or surviving small baby genotype? BMJ 1994, 
308:942-945. 

8. Jaquet D, Tregouet DA, Godefroy T, Nicaud V, Chevenne D, Tiret L, 
Czernichow P, Levy-Marchal C: Combined effects of genetic and 
environmental factors on insulin resistance associated with reduced fetal 
growth. Diabetes 2002, 51:3473-3478. 

9. Kalabay L, Cseh K Pajor A, Baranyi E, Csakany GM, Melczer Z, Speer 
G, Kovacs M, Siller G, Karadi I, Winkler G: Correlation of maternal 
serum fetuin/alpha2-HS-glycoprotein concentration with maternal 
insulin resistance and anthropometric parameters of neonates in 



normal pregnancy and gestational diabetes. Eur J Endocrinol 2002, 

147:243-248. 

10. Tenhola S, Todorova B, Jaaskelainen J, Janne OA, Raivio T, Voutilainen R: 
Serum glucocorticoids and adiponectin associate with insulin 
resistance in children born small for gestational age. Eur J Endocrinol 

2010, 162:551-557. 

11. Cekmez F, Canpolat FE, Pirgon O, Cetinkaya M, Aydinoz S, Suleymanoglu 
S, Ipcioglu OM, Sarici SU: Apelin, vaspin, visfatin and adiponectin in 
large for gestational age infants with insulin resistance. Cytokine 2011, 
56:387-391. 

12. Dunne MJ, Cosgrove KE, Shepherd RM, Aynsley-Green A, Lindley KJ: 
Hyperinsulinism in infancy: from basic science to clinical disease. Physiol 
Rev 2004, 84:239-245. 

13. Mcmillen IC, Robinson JS: Developmental origins of the metabolic 
syndrome: prediction, plasticity, and programming. Physiol Rev 2005, 
85:571-633. 

14. Liu K-S, Wang ChY, Mills N, Gyves M, Han J: Insulin-related genes expressed 
in human placenta from normal and diabetics pregnancies. Proc Natl 
Acad Sci USA 1985, 82:3868-3870. 

15. Wolf HJ, Ebenbichler CF, Huter O, Bodner J, Lechleitner M, Fdger B, Patsch 
JR, Desoye G: Fetal leptin and insulin levels only correlate inlarge-for- 
gestational age infants. Eur J Endocrinol 2000, 142:623-629. 

16. Phillips Dl, McLeish R, Osmond C, Hales CN: Fetal growth and insulin 
resistance in adult life; role of plasma triglyceride and non-esterified 
fatty acids. Diabet Med 1 995, 1 2:796-801 . 

1 7. Hattersley AT, Tooke JE: The fetal insulin hypothesis: an alternative 
explanation of the association of low birth weight with diabetes and 
vascular disease. Lancet 1999, 353:1789-1792. 

18. Li C, Johnson MS, Goran Ml: Effects of low birth weight on insulin 
resistance syndrome in Caucasian and African-American children. 
Diabetes Care 2001, 24:2035-2042. 

19. Wen SW, Kramer MS, Usher RH: Comparison of birth weight 
distributions between Chinese and Caucasian infants. Am J Epidemiol 
1995, 141:1177-1187. 

20. Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, Turner RC: 
Homeostasis model assessment: insulin resistance and beta-cell function 
from fasting plasma glucose and insulin concentrations in man. 
Diabetologia 1985, 28:412-419. 

21 . Vohr BR, Lipsitt LP, Oh W: Somatic growth of children of diabetic mothers 
with reference to birth sizes. J Pediatr 1980, 97:196-199. 

22. Schaefer-Graf UM, Pawliczak J, Passow D, Hartmann R, Rossi R, Bu" hrer C, 
Harder T, Plagemann A, Vetter K, Kordonouri O: Birth weight and parental 
BMI predict overweight in children from mothers with gestational 
diabetes. Diabetes Care 2005, 28:1745-1750. 

23. Boney CM, Verma A, Tucker R, Vohr BR: Metabolic syndrome in childhood: 
association with birth weight, maternal obesity, and gestational diabetes 
mellitus. Pediatrics 2005, 1 15:290-296. 

24. Horakova D, Janoutova G, Janout V: Insulin resistance and birth 
weight. Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub 2005, 
149:173-176. 

25. Catalano PM, Presley L, Minium J, Hauguel-de Mouzon S: Fetuses of 
obese mothers develop insulin resistance in utero. Diabetes Care 2009, 
32:1076-1080. 

26. HAPO Study Cooperative Research Group: Hyperglycemia and Adverse 
Pregnancy Outcome (HAPO) Study: associations with neonatal 
anthropometrics. Diabetes 2009, 58:453-459. 

27. Hofman PL, Regan F, Jackson WE, Jefferies C, Knight DB, Robinson EM, 
Cutfield WS: Premature birth and later insulin resistance. N Engl J Med 
2004, 351:2179-2186. 

28. Regan FM, Cutfield WS, Jefferies C, Robinson E, Hofman PL: The impact of 
early nutrition in premature infants on later childhood insulin sensitivity 
and growth. Pediatrics 2006, 118:1943-1949. 

29. Hovi P, Andersson S, Eriksson JG, Jarvenpaa AL, Strang-Karlsson S, Makitie O, 
Kajantie E: Glucose regulation in young adults with very low birth 
weight. N Engl J Med 2007, 356:2053-2063. 

30. Barker DJ: The developmental origins of insulin resistance. Horm Res 2005, 
642-7. 



doi:1 0.1 1 86/1 471-2431-1 2-94 

Cite this article as: Simental-Mendia ef al: Birth-weight, insulin levels, 
and HOMA-IR in newborns at term. BMC Pediatrics 2012 12:94. 



